INTRODUCTION
Chitinase is one of the most important hydrolytic enzymes against fungal pathogens. Chitinases are enzymes that catalyze chitin degradation to its components. The antifungal potentiality of chitinase is related to its ability to degrade the chitin of the fungal cell wall (Swiontek et al., 2014) . Involvement of chitinases in the biological control activity of actinomycetes against pathogenic fungi is well documented (Sowmya et al., 2012; Swiontek et al., 2013) . Induction of chitinase corresponding gene is an important choice to improve the biocontrol activity against the phytopathogenic fungi. Recently, several chitinase genes from Streptomyces spp. have been characterized and cloned (Nagpure and Gupta, 2013; Jhaet al., 2016) . Mutation is one of the most commonly ways to improve the genetic performance of microorganisms. The generally accepted definition of strain improvement is the use of any proper technique that leads to generate of a microorganism exhibiting a desired characteristic. Physical and chemical mutagenshave been used to obtain new microorganisms with improved biocontrol potentiality and/or antibiotics production (Siddique et al., 2014) . In order to enhance the antifungal productivity (nystatin)by S. noursei NRRL 1714, it was treated with ultraviolet rays (UV) followed by intra-specific protoplast fusion. Among of the obtained 114 mutants, three mutants produced at least 49% more nystatin than the wild-strain (Khattab and EL-Bondkly, 2006 In a previous study, we isolated a potent antagonistic bacterial strain from soil in Saudi Arabia which was identified as S. griseorubens E44G (Al-Askar et al., 2014). Additional ultrastructural and cytochemical investigation on this strain confirmed its ability to produce chitinase enzyme and proved its contribution to the aggressive nature of this strain (Al-Askar et al., 2015b). The present study aimed to improve the potentiality of this strain for chitinase production and consequently in biocontrol of plant fungal pathogens by using physical, chemical and site-directed mutagenesis (SDM).
MATERIAL AND METHODS

Microorganism and growth conditions
A chitinase-producer, S. griseorubens E44G strain, isolated from soil in Saudi Arabia, was used in this study. The strain was maintained on a modified nutrient agar medium containing colloidal chitin 5 g/L, peptone 1 g/L, MgSO4.7H2O 1 g/L, (NH4)2SO4 2 g/L, K2HPO4 1 g/L, NaCl 1 g/L, trace salt 1 ml/L and agar 20 g/L (Neugebaueret al., 1991). The modified nutrient agar slants were used for growing the bacterium, followed by incubation at 30°C for 24 hours to be used.
Mutagenesis using physical and chemical mutagens
Physical mutagenesis was performed by using UV light according to Khattab and Mohamed, (2012). The UV irradiation was generated by UV lamp (254 nm, 0.66 J.m -2 .s -1 ). Spore suspensions of S. griseorubens E44G at 2×10 6 spore/mL were exposed to UV radiation at a distance of 10 cm for time periods of 5, 10 and 15 min. The spore suspensions were then spread on nutrient agar plates, Genetic improvement trials of the chitinolytic activity of Streptomyces griseorubens E44G were made by using physical, chemical and site-directed mutagenesis. Although the UV radiation, as a physical mutagen, was shed on the tested bacteria for different durations (5, 10, and 15 min), no change in the chitinolytic activity was observed when compared with the wild type. To induce the chemical mutagenesis, S. griseorubens E44G was treated with ethylmethane sulfonate for varied durations (20, 40, and 60 min). The chitinolytic activity decreased with the increment in the exposure period. Four different sets of primers were designed based on the DNA sequence of the wild type of S. griseorubens E44G.Overexpressionof chitinase-encoding genes was observed as three of the amplified mutated genes comparing with the wild-type gene. The chitinolytic activity of the recombinant gene P2 increased by 1.39-fold comparing with the wild-type gene. The molecular weight of the chitinase protein produced by the mutated gene was determined by SDS-PAGE. In conclusion, these results demonstrated that the recombinant gene of S. griseorubens E44G possess a higher level of chitinolytic activity than that of the wild-type. Genetic improvement of the chitinolytic activity of S. griseorubens E44G may enhance their biocontrol potential against phytopathogenic fungi.
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incubated at 30°C for 24 h then the numbers of colonies were counted and the lethality rate was calculated using the equation below:
Plates with the highest lethality rate were selected and the colonies were screened for their chitinolytic activity. Chemical mutagenesis was carried out according to Khattab and Bazaraa,
. Spores of S. griseorubens E44G were suspended in phosphate buffer (0.1 M, pH 7.5) at 2×10 6 spore/mL Ethyl methane sulfonate (EMS) (Sigma, USA; 200 mM) was used as a chemical mutagen. The spores were treated with EMS for 20, 40 and 60 min. After which, spores were harvested by centrifugation (5000 rpm, 4°C) and washed twice with phosphate buffer. The spores were then spread on nutrient agar plates and incubated at 30°C for 24 h. The plates with the highest lethality rate were selected and the colonies were screened for their chitinolytic activity.
Enzyme source preparation
The chitinase producing colonies were grown in chitinase liquid medium and incubated at 30°C for 72 h on a rotary shaker. After centrifugation at 5000 rpm for 15 min, the supernatant was collected and used as crude enzyme solution.
Preparation of colloidal chitin
One-gram chitin (Sigma-Aldrich, USA) was dissolved in 10 mL conc. HCl with continuous stirring overnight at 4 o C. Cold ethanol (400 mL) was then added and left overnight at room temperature. The mixture was centrifuged at 5000 rpm for 20 min, and washed three times with distilled water. The pH of the mixture was then adjusted to 7.
Chitinase assay
To determine the chitinase activity, 0.3-gram colloidal chitin was added to 3 mL of 50 mM acetate buffer (pH 5) and incubated with 1 mL of the crude enzyme at 30 o C for 1 h. The released monomers were determined by the dinitrosalisylic acid (DNS) method (Miller, 1959) .
Amplification of chitinase gene and their sequence analysis
Total DNA from the wild-type strain was extracted using DNA extraction kit (Qiagen, USA) according to the manufacturer's instructions. The DNA extract was used for amplification of chitinase A gene (chA) using the degenerate primers; CHAF (5-GGN GGN TGG CAN YTN WSN GAY CCN TT -3), CHAR (5-ATR TCN CCR TTR TCN GCR TC -3) according to Hunt et al. (2008) . The PCR amplification was carried out in a 25 µL mixture consist of 2.5µL 10xTaq DNA polymerase buffer (10 mM Tris HCl (pH 8.3) and 25 mM KCI), 2.5 µL 50 mM MgCl2, 2 µL primer (40 Pmol/µL), and 0.25 µL of Taq polymerase (AmpliTaq, Perkin-Elmer, 5 u/µL), 2.5 µL DNA, 2.5 µL dNTPase (4 mM) and 12.75 µL of dH2O. The PCR reaction was performed in 9700 thermal cyclers (Perkin-Elmer, Japan) as follows: initial denaturation 95°C for 5 min, followed by 40-cycles (94°C for 1 min; 53°C for 1 min and 72°C for 2 min; final extension, 72 o C for 10 min). The PCR amplicon was separated on 1% agarose gel and visualized using gel documentation system. The amplicon was excised from the agarose gel and purified using Qiagen Gel Extraction kit (Qiagen, Germany). The purified DNA was subjected to DNA sequencing and the sequence was analyzed using DNA BLASTn. Using ClustalW 1.82 (Thompson et al., 1994) , pairwise and multiple DNA sequence alignment were carried out. Bootstrap neighbor-joining tree was generated using MEGA 3 (Kumar et al., 2004) .
SDM
Based on the obtained DNA sequence of the wild chitinase, four different sets of primers (P1, P2, P3 and P4) were designed using Primer x program (http://bioinformatics.org/primerx/cgi-bin/protein_4.cgi). Base substitution was carried out in the two sets primers (P2 and P4) while; P1 and P3 were the same primers without the base substitution. The primers were designed to match in different positions (P1 and P2 match at base 32 (form 5`) while, P3 and P4 match at base 480 (from 5`). The base substitution in P2 was performed in base 23 where the nucleobase C was substituted by T which resulted in the conversion of alanine to leucine. In case of P4 the base substitution was performed in base 19 (G-C) which resulted in substitution of alanine by arginine. The DNA was extracted from the bacterial strain as previously describe and subjected to direct PCR using four different primers as previously mentioned using the annealing temperatures described in Table (1) . The band intensities of the resultant amplicons were quantified using the software of the gel documentation system (SyengeneBioimaging, In Genius, USA).
Cloning of the chitinase genes
PCR product resultants were purified using a Qiagene PCR purification kit (Qiagene, Germany). Both chitinase amplicons (wild type and P2) were subjected to cloning using TOPO TA Cloning ® (with PCR ® 2.1-TOPO ® Cloning vector) (Invitrogen TM , USA). DH5α E. coli was the bacterial strain used in DNA transformation. Using Blue/White colony analysis, the recombinant bacteria were tested. The white colonies were selected and subjected to plasmid DNA extraction separately using QIAgene plasmid minipreb DNA extraction kit (Qiagene, Germany). The plasmid DNA was subjected to PCR analysis using the chitinases specific primers. The well characterized clones were subjected to digestion using BamH1 restriction enzyme to release the gene from the PCR ® 2.1-TOPO ® vector. Meanwhile, the released fragment was purified by gel extraction kit (Qiagene, Germany) and ligated into the linearized prokaryotic plasmid vector pPROEXHTa (life technologies, USA). The resultant clones were assessed by PCR. The selected recombinant clones were grown in LB medium containing ampicillin as antibiotic (100ug/ml). For gene in vitro transcription the recombinant clones were induced when the IPTG was added to the bacterial culture after two hours from the inoculation time. The culture was grown in incubator shaker over night at 37ºC with shaking at 200 rpm and the cloning was done according to the protocols outlined by Life Technologies, Invitrogen (USA).
Chitinase purification using 6x Histidine affinity-tagged method
Chitinase purification was carried out using Ni-NTA resin matrix (Qiagene Inc., USA). The induced bacterial cells were pelleted and resuspended in 4 volumes of lysis buffer [50 mM Tris-HCl, 5 mM 2-mercaptoethanol, 1 mM PMSF]. The suspension was sonicated until 80% of the cell was completely disintegrated (the sonication cycle was; 30 sec on and 30 sec off and rest for 5 min). The cell debris was removed by centrifugation at 6000 rpm for 5 min, the supernatant was transferred into a new tube (crude supernatant). Chitinase purification was performed according to the protocols of Life Technologies, Invitrogen using the His Tag Column. The activities of the wild type chitinase and the P2 mutated chitinase were subjected to chitinase assay.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGE was carried out for the purified recombinant chitinase (wild and mutated P2)using the discontinuous buffer system as described by Sambrook et al. (1989).
RESULTS AND DISCUSSION
Physical and chemical mutagenesis
UV radiation of S. griseorubens E44G for the time duration of 5, 10 and 15 min resulted in 57, 62, and 87% lethality rates, respectively. The increase in the time duration of UV radiation led to a decrease in the number of mutant colonies of S. griseorubens E44G. No increase in the chitinolytic activity was observed in the mutants obtained at exposure time of 15 min as compared to the wild-type strain (Table 2 ). In case of EMS, the number of mutant colonies of S. griseorubens E44G decreased with the incrementing the exposure period, while the lethality rate increased with the exposure period (61, 75 and 94%, respectively). On contrary, the chitinolytic activity of the resultant mutants decreased in proportion to the exposure period (Table 2) . Strain improvement strategies, especially mutagenesis and screening of hyper-producing mutants are very important in the production of secondary metabolites (Siddique et al., 2014) . UV radiation is the most common physical way to carry out random mutations (Parekh et al., 2000) . In our investigation, UV radiation induced the lethality rates, while did not affect the chitinolytic activity of the obtained mutants. In addition to mutagenesis, UV light has a lethal effect on most organisms including bacteria. The UV induction of lethality can be attributed to the formation of thymine dimers in DNA that inhibits DNA replication, and may lead to cell death (Sinha and Häder, 2002) . Other types of damage in DNA can be obtained by UV radiation including, modification of individual purine and pyrimidine bases (e.g., deamination, ring cleavage) and the addition of other molecules to the purines and pyrimidines. In contrast, cells can repair damaged DNA. The repairing mechanisms include photo-reactivation, base excision repair, nucleotide excision repair, recombination repair, and double-strand break repair (Rastogi et al., 2010) . EMS is a well-known mutagenic agent; its mode of action encompasses alkylation at nitrogen position 7 of guanosine of the DNA molecule, leading to transition type of mutations. Results of the present study revealed that exposure to EMS enhanced the lethality rate and reduced the chitinolytic activity of the resultant mutants. Our results are in agreement with that of Moturi and Charya, (2010) who recorded a reduction in protease and laccases production in Mucor mucedo when it was treated with EMS. The same results were obtained by Kamble and Mulani, (2012) where activities of both acid and alkaline phosphatases of the fungus Tricholoma lascivum decreased with increase in the concentration of EMS when compared with the control. Negative effects of mutations can be deletions of DNA, insertions, or mismatched base pairs. These negative mutations significantly harm the organism. Sometimes these cause a vital gene to be turned off, deleted, or altered so that the protein is no longer functional (Lodish et al., 2000) .
Amplification of chitinase gene and their sequence analysis
Results illustrated in Figure (1) showed a PCR amplicon with a molecular size of ≈ 1450 bp. The sequence alignment of the amplified gene revealed that the sequence was identical to the chitinase gene of the Streptomyces sp. C203 (gi125487488) with identity 100%. The obtained DNA nucleotide sequence was deposited in the GenBank database under accession number (KJ466124). The phylogenetic tree was constructed based on the DNA nucleotide sequence of the obtained chitinase gene and other 16 different chitinase genes from different strains of Streptomyces (obtained from NCBI website). The 17 examined chitinase genes are divided into two clusters each cluster contains different groups. Chitinase gene of S. griseorubens E44G is included ina group contains five different chitinase genes. The bootstrap on the branch of the phylogenetic tree revealed that our gene is similar to Streptomyces sp. C203 gene with similarity 92% (Figure 2 ). Whenever the phylogenetic tree which constructed based on the deduced amino acid sequence showed that the bootstrap similarity with the Streptomyces sp. C203 gene is 100% (Figure 3) . Chitinases of different molecular sizes were previously isolated by other researchers; 1700 bp (Watanabe et al., 1999), 1383 bp (Gust et al., 2003) , and 1458 bp (Dong et al., 2007) . Based on the obtained wild chitinase gene, four sets of primers were designed and four amplicons of smaller molecular size than the wild-type were observed. The reduction in size of these amplicons may be attributed to the primers matching.
SDM
Primers P1, P2, P3 and P4 produced amplicons with different molecular sizes (300, 1000, 1400 and 1000 bp, respectively) ( Figure 4A 
Chitinase purification and activity assay
Chitinase enzyme was obtained as a recombinant protein in the cultivation medium at a concentration of 4.2 mg/L. The activity of the recombinant chitinase was investigated against colloidal chitin, which was detected in soluble intracellular extracts from the transformed cells (Table 3 ). The obtained results revealed a high activity in case of P2 clone 2.3 U/mL as compared to the wild type (1.65 U/mL) showing an increase in the chitinolytic activity by 1.39-fold.
SDS PAGE the purified chitinase proteins
The purified chitinases were subjected to SDS-PAGE electrophoresis. The purified protein appeared as a single band with ≈46 KDa molecular size in case of the wild-type strain and the P2 clone as well ( 
CONCLUSION
Results of the present study demonstrated that physical and chemical mutagenesis failed to improve the chitinolytic activity of S. griseorubens E44G. On the contrary, the modified recombinant chitinase gene (P2) showed a high level of activity as compared to the wild type. The availability of enzyme preparations of high chitinase activity could be useful not only in biological control but also in bioconversion of the chitin waste materials and in production of chitooligosaccharides for various applications.
